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Plutonium and highly enriched uranium (HEU) are both key ingredients in nuclear
weapons, making them two of the most dangerous materialsin existence. Table 1
estimates stocks of separated plutonium and both separated and irradiated HEU in
countries that are of special concern because of the risk of diversion for use by terrorists.

Separated plutonium and HEU are directly usable in nuclear weapons. Much of the
irradiated HEU stock is not very radioactive and isrelatively easy to transport. Irradiated
plutonium unseparated from power reactor spent fuel, while still posing a proliferation
risk, is more difficult for terrorists to convert into a nuclear weapon, and is not included
in the estimates.

The order of the countriesin Table 1 is meant to suggest which stocks are most important
to understand and secure, but this judgment is subjective. The estimatesin thistable
represent the amount of such stocks held in a country, rather than the amount owned by
that country. Countries with active reprocessing programs, most notably France and the
United Kingdom, may hold a significant amount of foreign-owned separated plutonium at
their reprocessing facilities.

Table 1 also includes countries, such as France, the United Kingdom and the United
States, with significant quantities of separated plutonium and HEU that have
implemented security measures that meet or exceed international standards. Despite
these measures, theft of the material remains a possibility, making these large stocks a
concern in the effort to prevent terrorist access to nuclear weapon materials.



Table 1: Fissile Materials of Special Concern: In-Country Stocks of Separated Plutonium
and Total Stocks of HEU (end 2003, in tonnes)

Country

Russia
Pakistan
North Korea

India
China

Countries with i
Russian-supplied HEU

Kazakhstan
South Africa

Belgium
Canada

France
Germany

Israel

Japan
Netherlands
Switzerland
United Kingdom
United States

Smaller Stocks of
HEU in Many
Countries

Smaller Stocks of
Plutonium in Several
Countries

Total®

Separ ated Plutonium 0

Military Civil Subtotal
95 88"—’I 183
0.04 - 0.04
0.015-0.04 -- 0.015-0.04
0.4 ~1-1.5 14-19
4.8 ~ 4.8

- A ?

- 3.0 3.0

- - 0

- 35 35

- - 0

5 78.6 84

- 125 125
0.6 - 0.6

- 5.4 5.4

- - 0

- 0.5-1.0 0.5-1.0
3.2 9 99

47 4 92

- - 0

- <1 <1
155 335 490

HEU
Military Civil Subtotal®
1070EI 15-30 1085-1100
11 0.01;;I 1.120
? 0.042 0.042
~0.5 0.005-0.01 0.505-0.51
20 1 21
-- 136-1.74 14-1.7
-- 10.59-10.94{;10.6-10.9
-- 0.5 0.5
-- 0.5 0.5
-- 1.35 1.35
29 6.4 354
-- 1 1
? 0.034 0.034
-- 20 2
-- 0.73-0.81 0.73-0.81
-- 0.005-0.01 0.005-0.01
219 15 23
575 12 700
-- 0.57-0.731:I 0.6-0.7
- - 0
1720 175 1895

Total®

1275
1.16
0.06-0.08

19-24
26

14-1.7

14
0.5

4.0

1.35

119

135

0.6

74
0.73-0.81
0.5-1.0
123

792

0.6-0.7

<1

2400



Sour ces

Theinformation presented in this table is drawn from the following I SIS reports:

Satus and Socks of Military Plutoniumin the Acknowl edged Nuclear Weapon Sates, June 2005.

Separated Civil Plutonium Inventories: Current Status and Future Directions, by David Albright and Kimberly Kramer, June 2005.
Military and Excess Stocks of Highly Enriched Uranium (HEU) in the Acknowledged Nuclear Weapon Sates, June 2005.

Civil HEU Watch, by David Albright and Kimberly Kramer, June 2005.

| SIS Estimates of Unirradiated Fissile Material in De Facto Nuclear Weapon Sates, Produced in Nuclear Weapons Programs, June 2005.

& Rounded.

® This value includes about 50 tonnes of plutonium that Russia has declared excess to military needs and committed to peaceful uses.

¢ Russia has committed to blend down 500 tonnes of HEU to LEU. By the end of 2003, it had blended down 200 tonnes. The remaining 300 tonnes
remain in its military stock, probably in nuclear weapons, and not isolated from its primary military stock and committed to peaceful uses. Asaresult,
this stock is assigned to the military stock. The United States has also declared a large amount of military HEU excess to military needs but has isolated
this HEU from its primary military stock and committed it to peaceful uses. For thisreason, remaining US excess HEU isincluded in the civil HEU
category (see footnote (i)).

4 The civil HEU value for Pakistan includes 16 kg of US-origin HEU and 1 kg of Chinese-origin HEU.

¢ Believed to be small, but not estimated.

"Includes former Soviet States (Belarus, Georgia, Latvia, Ukraine, Uzbekistan) and other countries with Russian-supplied research reactors (Bulgaria,
Czech Republic, Hungary, Libya, Poland, Serbia, Vietnam). Kazakhstan, China, Germany, North Korea also have in-country stocks of Russian-supplied
HEU, but are listed separately in thistable. An estimated 0-5 kg of 36% enriched Russian-origin spent fuel may also have remained in Romania.

9 The value for Kazakhstan includes 10.5-10.8 tonnes of Russian-origin HEU used in the BN-350 breeder reactor and 0.09-0.14 tonnes Russian-origin
HEU for research and devel opment activities.

" Plutonium declared excess to military needs and committed to peaceful uses. This value does not include about 7.5 tonnes of declared excess plutonium
contained in irradiated material.

' The civil HEU value for the United States includes the remaining 123 tonnes of HEU declared excess to military purposes as of the end of 2003 and
scheduled for disposition, aswell as HEU in civil research reactors and about 1 tonne of HEU that has been returned from civil foreign research reactors
since 1996.

I This value includes holdings in non-nuclear weapon states that received US-origin HEU that are not listed separately in this table and countries with
Chinese-supplied research reactors (Ghana, Syria, Iran, Nigeria). Pakistan also received Chinese-origin HEU, but is listed separately in this table (see
footnote (d). Within this category, the countries with civil HEU stocks larger than 5 kg are Argentina; Australia; Austria; Chile; Greece; Iran; Italy;
Mexico; Pakistan; Portugal; Romania; Slovenia; Taiwan; and Turkey.
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tockpiles of fissile material--the key ingredient in nuclear weapons--remain huge. At the
end of 2003 there were more than 3,700 metric tons of plutonium and highly enriched
uranium (uranium enriched to 20 percent or more uranium 235), enough for hundreds of
thousands of nuclear weapons, in about 60 countries. Although some fissile material is
disposed of, more material is produced, causing the total to grow each year.

This is worrisome not only because the world has yet to come up with an accepted
method of plutonium disposition, but also from a security standpoint--how safe is that
plutonium and highly enriched uranium (HEU)? That military stocks in India, Pakistan,
and Israel are continuing to grow is an important indicator of the need for an international
ban on the production of fissile material for nuclear weapons.

Since its founding in 1993, the Institute for Science and International Security (ISIS) has
gathered hard-to-find information about the production and stockpiling of fissile material
and nuclear weapons programs, capabilities, and policies. ISIS's most current findings
about global stocks of fissile material are presented below and in the accompanying
tables. Considerably more information about these estimates and their uncertainties is
available on the ISIS web site at www.isis-online.org.

"Global Stocks" attempts to realistically assign fissile material to civil or military stocks
based on current use, intended future use, and other factors. The stocks of plutonium and
HEU are roughly equal, as are stocks of civil and military fissile material. However, most
plutonium is in civil stocks and most HEU is in military stocks. (Russia's declared HEU
excess is included under military stocks in "Global Stocks" because of a lack of
information about its location and whether it remains in active nuclear weapons.)

The world's acknowledged nuclear weapon states hold considerable stocks of military
HEU and plutonium. The amounts listed in the table "Military and Excess Fissile
Material" account for national military stocks as of the end of 2003. Most of the
plutonium and HEU in military stocks is in nuclear weapons, reserves, dismantled
weapons, and naval and production reactor programs.



Some military fissile material is being transferred to civil stocks and disposed of in civil
programs. Russia, Britain, and the United States have all declared a portion of their
military plutonium excess to military requirements. This excess plutonium, about 107
metric tons in all, has been dedicated to peaceful purposes, but its disposition as fuel in
power reactors continues to be delayed. Russia and the United States have also declared
excess HEU. This excess HEU is to be downblended into low-enriched uranium (LEU),
which is less of a proliferation risk. By the end of 2003, Russia had downblended 200
metric tons of military HEU into LEU to be used as fuel in nuclear power reactors. The
United States had downblended about 50 metric tons of its declared excess HEU stock of
about 170 metric tons. Each year, roughly 30 to 40 metric tons of military HEU are
downblended to low-enriched uranium.

Plutonium

Every year, the global stock of civil plutonium grows by 70-75 metric tons, as seen in the
table "Growth of Plutonium Worldwide". The growth is in irradiated fuel discharged
from nuclear power reactors. As of the end of 2003, about 1,370 metric tons of civil
plutonium stocks were in irradiated fuel. About 330 metric tons of civil plutonium were
in unirradiated form. The unirradiated plutonium has either been separated in civil power
reactor programs or is military material that has been declared excess to defense needs.

Unirradiated plutonium, because it is less contaminated with other radioactive
constituents, is more of a proliferation risk than plutonium remaining in irradiated fuel.
The table "Unirradiated Plutonium from Civil Power Reactors" shows the amount of
unirradiated plutonium produced in civil power reactor programs, and held and owned by
12 key countries at the end of 2002. (Some countries have declared their unirradiated
civil plutonium; other amounts are estimates.) Most declarations of stocks as of the end
of 2003 were not yet available from the International Atomic Energy Agency (IAEA) at
publication time. However, based on an assessment of the amount of spent fuel
reprocessed and the amount of plutonium used in mixed oxide (MOX) fuel, ISIS
estimates that roughly 235 metric tons of plutonium from power reactors remained in
unirradiated form at the end of 2003.

Roughly 15-20 metric tons of plutonium are separated from irradiated power reactor fuel
each year, while only 10-15 metric tons of this unirradiated plutonium are fabricated into
MOX fuel for use in light-water reactors. As the rate of fabrication and use of MOX fuel
has fallen behind the rate of separation, the amount of unirradiated plutonium continues
to grow.

A sobering conclusion is that under a wide variety of reasonable assumptions, total
unirradiated civil plutonium stocks are not expected to decrease in the next 15 years. A
positive sign is that Belgium, Sweden, Switzerland, and likely Germany will reduce their
inventories to zero or near zero. Stocks in Britain, Japan, Russia, and France are projected
to remain large, even though France and Japan expect to use a considerable amount of
plutonium as MOX fuel.



A complete country-by-country breakdown of current and projected holdings of military
and civil plutonium is available on the ISIS web site.

HEU

About 50 metric tons of HEU were in worldwide civil research and power reactor
programs as of the end of 2003. The use of HEU fuel in research reactors has diminished
as a result of extensive cooperative efforts between the U.S. Reduced Enrichment for
Research and Test Reactor (RERTR) program and many other governments. RERTR
focuses on developing suitable low-enriched uranium fuels to replace HEU fuel in
research reactors.

It is difficult to estimate civil HEU stocks in many countries because few nations reveal
how much they have. The IAEA publishes the total amount of HEU that it safeguards,
but its totals do not include the civil stocks of the acknowledged nuclear weapon states.
They are therefore incomplete. In addition, the IAEA does not reveal the size of any
individual country's stocks. Only a few countries, notably Britain, France, and Germany,
publicly declare their civil HEU stocks, but their declarations do not account for stocks
held overseas at fuel fabrication plants, for example, or the fraction of their declared
stocks owned by other countries. A country-by-country break-down of civil HEU
inventories remains elusive, although ISIS is working to develop one.

Current and former de facto states

A special category includes the five countries listed in the table "Current and Former De
Facto Nuclear Weapon States' Unirradiated Stocks". Israel's plutonium and HEU stocks
remain difficult to estimate. India may now be producing HEU in significant quantities in
a gas centrifuge plant it has been working on for many years. Pakistan's fissile material
stockpile has always been difficult to assess, but its stock now appears to be large enough
to rival that of India. North Korea has produced separated plutonium in unknown
quantities during two periods and may now be enriching uranium. And South Africa,
although it dismantled its nuclear programs in the early 1990s, still has a large stock of
unirradiated HEU.

David Albright is president of the Institute for Science and International Security (ISIS).
Kimberly Kramer is an ISIS research analyst.
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Sidebar: Global stocks (in metric tons)*

Global stocks (in metric tons)*

Category Plutonium
Civil stocks (rounded) 1,700
Power and research reactor programs 1,595
Declared excess 107
Military stocks 155
Primary 155

Naval and other —-

Russian HEU declared excess --

Total 1,855
*End of 2003.

HEU

175
50
125 (U.S. only)

1,725
1,250
175
300

1,900

Total

1,875

1,880

3,755



Sidebar: Military and excess fissile material (in metric tons)*

Military and excess fissile material (in metric tons)*

Military plutonium Excess plutonium Military HEU
Britain 3.2+0.15? 4.4 21.9+?
China 4.84+2 - 2045
France 5+1.5 - 30+7
Russia 95+25 50 773£300
United States 4742 52.5 580450
Total (rounded) 155+31 107 1,425+362

*End of 2003.

Excess HEU

300
123
423



Sidebar: Current and former de facto nuclear weapon states' unirradiated stocks*

Israel

India
Pakistan
North Korea
South Africa
*End of 2003.

Current and former de facto nuclear weapon states' unirradiated stocks*

Category

de facto
de facto
de facto
ambiguous status

weapons program dismantled

Plutonium (kilograms)

510-650
300-470
20-60
15-38

0

HEU (kilograms)

?

Production possible
1,000-1,250

?

430-580

Number of weapons

110-190
55-115
55-90
2-9

0
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